This paper investigates the relationship between longevity of parents and exceptional longevity (survival to age 80 or older) of offspring, using data from the first three waves of the Chinese Longitudinal Healthy Longevity Survey. We apply the Fixed-Attributes Dynamics method and logistic regression models to the data. Results of both methods show that the familial transmission of longevity exists at very old ages, and the transmission is same-sex linked between parents and offspring; that is, there is a strong father-son resemblance of longevity and a strong mother-daughter resemblance of longevity, but a non-significant or weak association of longevity between father and daughter or between mother and son.
I s longevity a family trait? Can longevity be transmitted through generations in a family? To what extent is the life span of offspring associated with that of parents? As longer life expectancies have been attained by a larger proportion of population than ever before, these questions have become more intriguing.
Although it is generally believed that longevity is only moderately heritable, many studies have consistently supported the conventional wisdom that long life spans run in families (Abbott, Murphy, Bolling, & Abbey, 1974;  with regard to longevity may be the result of shared environmental or behavioral effects associated with common rearing and cohabitation, emphasizing environmental or social explanations.
There is no consensus on the relative importance of maternal or paternal lines of heritance. Some studies find heritability is stronger along the paternal line (Bell, 1918; Bocquet-Appel & Jakobi, 1990; Cohen, 1964; Philippe, 1978) ; others show that the maternal contribution outweighs the paternal component (Abbott et al., 1974; Brand, Kiely, Kannel, & Myers, 1992; Crawford & Rogers, 1982; Kemkes-Grottenthaler, 2004; Korpelainen, 1999 Korpelainen, , 2000b . Several other studies also show that daughters receive a greater portion of the genetic endowment than sons (Cournil et al., 2000; Cournil & Kirkwood, 2001; Kemkes-Grottenthaler, 2004) .
Among the considerable research on longevity, however, almost no research has been done in developing countries, and most studies have been based on small sample sizes (Vaupel, 2001) . Furthermore, previous research seldom examines whether the observed familial transmission of human longevity still makes further contributions among the oldest-old who are already robust and highly selected individuals. If there is some evidence to verify that parents' longevity continues to contribute offspring's longevity at oldest-old ages, it would be very useful for us to better understand the role of familial factors in achieving healthy aging. One recent study reports that elders who had long-lived parents are more likely to have a better cognitive function and a lower disease prevalence rate than elders without such parents (Gjonça & Zaninotto, 2008) . The Chinese Longitudinal Healthy Longevity Survey (CLHLS) opens an opportunity to study longevity in a developing country based on a much larger sample size. The main purpose of this article is to investigate whether the exceptional longevity of the oldest-old Chinese is related to their parents' longevity and to examine whether there is a sex-linked familial resemblance of longevity.
Data and Method
The data used in this article are from the CLHLS, the largest longitudinal survey of very old people ever undertaken (Zeng & Vaupel, 2004) . The baseline survey and the first and second follow-up surveys were conducted in 1998, 2000, and 2002 , respectively, in a randomly selected 50% of the counties or cities in 22 provinces. The CLHLS is specially designed with age matching and oversampling of the oldest-old men and institutionalized persons. For each centenarian (aged 100+) with a predesignated random code, one nearby octogenarian (aged 80-89) and one nearby nonagenarian (aged 90-99) with predesignated age and sex were interviewed. The term nearby refers to the same village, city, or county, or even the same street if applicable. The aim of this design is to have comparable numbers for randomly selected male and female octogenarians and nonagenarians at each age from 80 to 99. Participants interviewed in 1998 were reinterviewed in 2000 and 2002 if they were still living. For those respondents who died between survey intervals, more than 30 questions including the date of death were collected from the next of kin, about 90% of whom are children or spouses of the deceased respondents and know the deceased well. New respondents were added to replace the deceased and respondents lost to follow-up to retain adequate sample size in later waves.
Evaluations show that the data quality of the CLHLS is generally good, and the age reporting is generally accurate (Gu, 2008; Gu & Dupre, 2008; Zeng & Gu, 2008; Zeng, Vaupel, Xiao, Zhang, & Liu, 2001) . Excluding all siblings, there are 8,585 respondents aged 80 to 105 in 1998. Of these oldest-old, 3,226 died before the 2000 survey and 1,530 died after the 2000 survey but before the 2002 survey, for a total of 4,756 deceased interviewees. We use the baseline survey information as well as longitudinal data for those who died between the 1998 and 2002 waves.
There is a large proportion of missing values for parent's age at death in the baseline wave of the CLHLS. Of the 8,585 respondents, 3,547 (41%) have no information on father's age at death, and 3,031 (35%) have no information on mother's age at death. This is partly because some parents died during the respondents' childhood so that the respondents have no knowledge about their parents' age at death. However, the main reason might be that the sampled respondents were very old at the survey time, and many of them lost their memory about their parents' age at death. To justify the validity of parents' age at death that the respondents provided, we compared the parents' age-specific mortality rates (for fathers and mothers separately) obtained from the 1998 baseline survey with those obtained from the 2005 wave and found very similar death distributions between them. More than 90% of the respondents in the 2005 wave were recruited after 1998. This indicates that the reporting of parental age at death is consistent in different waves of the CLHLS. We also compared the parental mortality rates to the mortality rates of the peers of the respondents' parents obtained from available period life tables, and found acceptable results, although the mortality rates after age 80 derived from the CLHLS are slightly lower than those derived from period life tables (not shown), 1 which may be due to age exaggeration or fluctuations resulting from small sample sizes.
Missing value analyses were conducted based on the multiple imputation technique 2 (Allison, 2002) . The data on birth order of the respondent, number of siblings, and mother's age when the respondent was born were considered in the imputation, in addition to the respondent's sociodemographic characteristics, family/social relationships, and health conditions. The underlying reason for including these variables is that respondents' socioeconomic status (SES), lifestyle, and health conditions might be associated with parental SES, lifestyle, or family disease conditions that are linked with parental longevity. For example, one recent study shows that having long-lived parents is associated with better cognitive function and lower prevalence rate of disease at old ages (Gjonça & Zaninotto, 2008) . This indicates that it might be better to include offspring's health conditions when we impute the missing values for parental ages at death. We tried to account for as many associated factors as possible in imputation to reduce biases. Alternative imputation by excluding these factors did not alter the imputed results; they are very close to unimputed ones. 3 We refer to unimputed data in the body text. The imputed results are available on request from authors.
The best samples for the study of familial longevity transmission are extinct cohort. Yet such data are rarely available. When only one or more cross-sectional data sets are available, the Fixed-Attributes Dynamics (FAD) method can be used to study longevity. The FAD method, also known as the Survival Attribute Assay, was initially proposed by Vaupel (1992) , developed by him and Yashin (Gerdes, Jenue, Karen, Nybo, & Vaupel, 2000; Yashin et al., 1998 Yashin et al., , 1999 Yashin et al., , 2000 , and extended by Zeng and Vaupel (2004) . The basic idea of the method is that the prevalence of a fixed attribute can change with age even though no individual can change his or her variant of the attribute. As a result, much can be learned about the impact of the attribute on survival. Fixed attributes that affect survival at older ages include genetic factors and various nongenetic factors that are fixed in earlier life. Given that both parents of all respondents had died when respondents were interviewed in the 1998 study, 4 parents' age at death could be considered a fixed attribute of the respondents at the time of the interview in 1998. The main strength of the FAD method is that it does not require prospective tracking of study participants to ascertain the occurrence of exit events. It can be used to investigate the association of a fixed attribute with longevity based on one cross-sectional survey data set. The FAD method also assumes that the number of migrants is small or, alternatively, migrants do not differ significantly from nonmigrants with respect to the fixed attribute and survival. The magnitude of international and internal migration before the 1980s in China was small due to slow economic development and policies restricting residential movement. Mobility greatly increased after 1980 but not among the oldest-old.
The basic FAD method for studying longevity when estimates of cohort survivorship are not available can be formulated as follows (for details, see Zeng & Vaupel, 2004) :
where RS (a / -a) is the ratio of survivorship of those with the fixed attribute a to those without the attribute a from age x to x + n; p a (x) and p a (x + n) are the proportions of individuals who have the fixed attribute a at age x and x + n, respectively. Formula (1) can be rearranged as
which is in the same format as an odds ratio. According to its formula, the ratio of survivorship in the FAD method is similar to the odds ratio that is widely used in the literature (e.g., Bland & Altman, 2000) , or it can be regarded as a special form of the odds ratio. The FAD equation is equivalent to the commonly used case-control technique in epidemiology. If RS (a/-a) is greater than 1, the attribute is positively associated with longevity. Statistical tests can be performed to test whether there is a statistically significant difference in survivorship between the two populations (Mantel & Haenszel, 1959) . When we examine the survivorship ratio of those with the fixed attribute a to those with attribute b, we extend the FAD method to the following formula:
Longevity of parents in this article is defined according to different standards. First, we use 70 years of age at death as the threshold age; that is, those who died at or after age 70 were regarded as long-lived. Second, we use age 80 as the threshold age. Last, we define longevity according to a percentile of the age distribution of death. The top 10th percentile is chosen to denote exceptional longevity among parents. 5 The FAD method is applied to the 1998 baseline data set of the CLHLS in this article to investigate the association of having long-lived parents with offspring's longevity. Formula (1) is used to obtain the survivorship ratio of those who have a long-lived father or mother to those who have no long-lived father or mother. Formula (2) examines the survivorship ratio of those only having a long-lived father, or only having a long-lived mother, or having both a long-lived father and mother to those having neither a long-lived father nor a long-lived mother. 6 In addition to applying the FAD method to the baseline survey, we employ logistic regressions to the deceased to derive and compare the difference in the frequency of having a long-lived father or mother among the centenarians and octogenarians who died between the 1998 and 2002 waves. If the respondent's longevity is associated with parental longevity, the frequency of having long-lived parents will change with increasing age at death of the respondents as a result of differential survival. Given that the life spans of those interviewees who died between the 1998 and 2002 waves have been determined and their parents were all dead at the time of the 1998 survey, we are able to examine the frequency distribution of having long-lived parents among these deceased respondents. 7 We did not apply the widely used survival analysis (e.g., Cox proportional hazard model) to address how long-lived parents contributed to the life span to their children in our sample. This is because survival analysis compares the risk of death in a given period between respondents with long-lived parents and those without. This method would be appropriate when such a risk is large. However, it might be difficult to capture significant differences when such a risk is weak. Given that the oldest-old, especially centenarians, are long-lived and highly selected individuals, the significant contribution of the parental longevity to their longevity would be undetectable in a short period, especially when the sample size is small (the number of interviewees for each single year of age in the CLHLS is less than 300).
Moreover, as documented in previous research, the mechanism of familial transmission of human longevity has already played some role in dropping those nonrobust individuals before age 80 (e.g., Bocquet-Appel & Jakobi, 1990; Gavrilov & Gavrilova, 2001) , so heritability might be less pronounced among the oldest-old population compared to the cohort as a whole. Thus, survival analysis might not be an appropriate method to examine familial transmission of human longevity beyond oldest-old ages in a short follow-up period as in our study. Consequently, we applied a casecontrol design to address familial longevity transmission by examining the difference in frequency of long-lived parents between younger deceased oldest-old and the centenarians with the deceased oldest-old as controls. We believe that as long as the assumptions of similar historical and epidemiological background and lifetime events among parents of these two groups and among individuals of these two groups hold (which is very likely in China), our method is appropriate. 8 A similar approach is used in several previous studies to examine the associations of genotype with longevity in terms of the frequency of having a given genotype across ages when the data are cross-sectional or when the length of the follow-up in a survey is insufficient (e.g., Robine, Cournil, Henon, & Allard, 2003; Tan et al., 2003) . 9 Using this design, we construct four sequential models to test the difference in frequency of having long-lived parents by adding different additional confounders. Model 1 only examines the difference in the frequency distribution of having long-lived parents between the deceased centenarians and octogenarians by sex. Previous studies have found that some familial biological factors, such as age at childbirth (especially the first birth and the last birth) and birth order are associated with an individuals' longevity (e.g., Doblhammer, 2000; Müller, Chiou, Carey, & Wang, 2002; Perls, Kunkel, et al., 2002; Zeng & Vaupel, 2004) . Therefore, we additionally include parents' age at birth of the respondent, the birth order of the respondent, and respondent's age at first childbirth in the regression to investigate the difference in frequency of having long-lived parents between two groups of respondents (Model 2). Ethnicity is also included in Model 2. It is well documented in the literature that the SES variable has a significant impact on individual mortality (e.g., Duleep, 1989; Lantz et al., 1998) . Accordingly, we add parents' proxy of SES measured by father's occupation, place of birth of the respondent, type of drinking water for the family when the respondent was a child, whether the respondent received any education in childhood, whether the respondent went to bed hungry in childhood, and whether the respondent received adequate medication in childhood into Model 3. 10 Model 4 further controls for respondent's factors in terms of SES and health practice. 11 The primary purpose of such a sequential model design aims to examine how various confounders modify the frequency distribution of having long-lived parents between two groups of deceased interviewees. The estimated frequencies in different models are derived from the coefficients of each logistic model, based on the procedure developed by Retherford and Choe (1993) . The estimated frequency of having a long-lived parent is
316 Journal of Applied Gerontology where, p i is the frequency for respondents in group i (i is either the deceased octogenarians or the deceased centenarians); I i is an indicator variable, I i = 0 for the deceased octogenarians and I i = 1 for centenarians; γ is the coefficient; β 0 is the intercept of logistic regression; β j is the coefficient of control variable j listed in Table 4 and X j is the mean if that variable is continuous or the proportion of a given category except the reference category if it is a categorical variable.
To minimize the effects of accidents, war, contagious diseases, or other environmental hazards during childhood on life span, many researchers normally set a threshold for minimum age at death for parents under study. For instance, Korpelainen (2000a) sets the minimum age at age 40, and Cournil and her colleagues (2000) set it at age 50. We tested the association of longevity between parents and offspring in both the FAD method and logistic regression models among the respondents whose parents reached age 50 and found similar results with those obtained from the analyses including all of the parents. Respondents (offspring) had already survived to age 80 or older in 1998, thus no early mortality is included in our analyses. Our article focuses on the association of late survival between parents and offspring. In other words, because variation in age at death of offspring is substantially reduced, this is a quite conservative design. It remains unknown if our conclusion could still be valid when childhood survival or early adult survival is included in this Chinese case. Further exploration would be helpful.
Results
Considering that the life expectancy at birth in China was 69.6 years for men and 73.3 years for women in 2000, the interviewees aged 80 to 105 at the time of the 1998 survey are long-lived elders compared to their peers who were born in the same period. Our data show that these long-lived elders tend to have long-lived parents. The distributions of age at death of parents are shown in Table 1 . The minimum and maximum ages at death are 18 and 113 for mothers and 20 and 114 for fathers, respectively. It may be surprising that more than two thirds of the parents survived to age 60 or older, and about one fifth of the fathers and one third of the mothers survived to age 80 or older, considering that all of them were born before 1910 and the majority (more than 90%) were born between 1861 and 1890. The mean and median age at death for fathers are 64 and 66, respectively, and 68 and 71 for mothers, respectively, which are 5 to 10 years higher than the expected average life spans for those who survived to age 20 and older in the 1930s. According to some scholars, the life expectancy at birth in China in the 1930s was only about 35 years, and the life expectancy at age 20 was about 40 for both men and women (Seifert, 1935) . It seems reasonable to presume that the parents of the long-lived elders have longer life spans than their cohort peers, but this presumption should be further tested. In this article, we are unable to examine this presumption because data for the whole cohort born nearly 100 years ago are not available; instead, we examine the distribution of proportion of respondents having long-lived parents for centenarians as compared to those who died in their 80s and 90s in the CLHLS. In other words, we examine whether exceptional longevity of oldest-old respondents in China is related to longevity of their parents by using both the information from the interviewees in the 1998 baseline survey and the information for those who died between 1998 and 2002.
Findings Among 1998 Baseline Interviewees
One of the main strengths of the FAD method is that it can be used to analyze the association between fixed attributes and longevity based on one or more independent cross-sectional samples, rather than on a longitudinal survey. By applying the FAD method to the data from the 1998 CLHLS baseline survey, Table 2 presents the ratios of survivorship derived from the FAD method. The upper two panels of the table list the ratios of survivorship for elders having a father or mother surviving to age 70+, 80+, or the top 10th percentile parental age at death to the elders who do not have an exceptionally long-lived parent. Estimates of the ratio of survivorship show that men who have a father surviving to age 70+, 80+, and in the top 10th percentile are 20% to 40% more likely to survive from ages 80-85 to 100-105 and from ages 90-95 to 100-105 than men who do not have such a long-lived father, suggesting an association between father's longevity and son's exceptional longevity. The first two panels of Table 2 also show an association between daughter's exceptional longevity and mother's longevity. Ratios of survivorship show that women who have a long-lived mother are 26% to 109% more likely to survive from ages 80-85 to 100-105 and from ages 90-95 to 100-105 than women who do not have such a long-lived mother. Noteworthy, however, is the observed insignificant or weak association of longevity between daughter and father and between son and mother, with one exception (when longevity for the mother is measured in terms of the top 10th percentile of age at death). Combining the longevity status of both parents together and setting a different age standard for parental longevity, we get the two lower panels in Table 2 , which show the survivorship ratios of elders only having a long-lived father, only having a long-lived mother, or having both a long-lived father and mother as compared to those who have neither a long-lived father nor a long-lived mother. The results still indicate same-sex inheritance, although having both a mother and father who are long-lived also contributes to children's longevity. An analysis based on the FAD method does not ascertain whether the association of the fixed attribute and survival is due to the attribute per se or is caused or mediated by other factors. In addition, for longevity studies, it is better to focus analyses on an extinct population. Thus, in the next section we apply logistic regression models to the data of the deceased to 
Findings Among the Deceased Interviewees
The 2000 and 2002 waves of the CLHLS provide information on the 4,756 interviewees who died after the 1998 baseline survey but before the 2002 follow-up survey. All of the parents of the deceased interviewees died before the 1998 survey, and information on their ages at death is available. Thus, we could use the two extinct populations to see if the life spans of the respondents are associated with those of their parents. Table 3 shows the distribution of age at death of parents by age at death of interviewees who died between 1998 and 2002. The male interviewees who died at age 100 or older have about 10% more fathers surviving to age 80 or older than those respondents who died in their 80s, showing a certain association between exceptional longevity of sons and longevity of fathers. A similar association is also found between the life spans of elderly women and their mothers. However, there is no association between the life spans of elderly men and their mothers, and no association between that of elderly women and their fathers. Similar results are found when we combine longevity status of both father and mother (not shown). These findings are consistent with earlier ones found among those baseline interviewees in 1998. The results shown above do not control for confounding factors. To assess whether the exceptional longevity of the oldest-old Chinese is associated with the longevity of their parents, we perform logistic regressions for the deceased controlling for confounding factors. We use the coefficients to derive the frequency of having long-lived parents and then compare the frequency of having long-lived parents among interviewees who died as centenarians to those died as octogenarians. Table 4 provides sequential model design controlling for various confounders, and Table 5 provides the estimated frequency of having a father or mother surviving to age 70+, age 80+, and to the top 10th percentile parental age at death between interviewees who died in their 100s and those who died in their 80s between 1998 and 2002, based on four sequential logistic regressions and derived from Equation 3. Estimated odds ratios (ORs) of having a long-lived father or mother of the deceased centenarians versus the deceased octogenarians are also presented in Table 5 for easy comparison purpose.
The results reveal that the frequency of having a long-lived father or mother across models does not change significantly, suggesting that other confounders have slight influence on the associations of longevity between parents and offspring. The results of all models show that men who died as centenarians are more likely to have had a longer-lived father compared to men who died in their 80s in 1998-2002 (ORs: 1.49-1.91), but they are not more likely to have had a longer-lived mother (ORs: 0.91-1.27), except when being longer-lived is defined as the top 10th percentile of age at death for mothers. 12 Women who died as centenarians are more likely to have a mother surviving to age 80 or older than those who died as octogenarians (ORs: 1.43-1.88); however, the chances of having a long-lived father are not significantly different between women died as centenarians and those died as octogenarians (ORs: 1.08-1.56). Consistent with the results of the FAD method and Table 3 , the logistic regression models suggest that there is a strong association between father's longevity and son's exceptional longevity and an association between mother's and daughter's longevity, but an insignificant or weak association of longevity between mother and son or father and daughter, emphasizing a same-sex link of longevity. It is noteworthy that a mother's longevity significantly influences exceptional longevity of a daughter only when we use the cut-off age of 80 instead of 70, which is slightly different from the relationship of longevity between son and father. Note: Models are run for men and women separately. a. Age at last birth and number of children have been found to have important effects on aged longevity (Smith, Mineau, & Bean, 2002) . However, respondent's age at last childbearing and number of children ever born are not included in the model due to their high collinear relationships with respondent' age at first childbearing (r = .73, r = -.44). Similarly, number of siblings of the respondent (i.e., parents' number of children ever born) is also not included in the model since it is highly correlated with birth order of the respondent (r = .56).
Discussion
To best study familial components of longevity, complete cohort data are usually required. However, such data are generally not available in developing countries. This article uses data from the CLHLS to investigate whether exceptional longevity of the oldest-old Chinese is related to their parents' longevity. Using the features of the data set, we employed the FAD method and logistic regression that have been widely used in longevity studies to examine whether familial transmission of longevity is still valid beyond oldest-old ages. The results of both the FAD method and logistic regression models indicate a same-sex familial aggregation of longevity beyond oldest-old ages, that is, a strong association between father' and son's longevity or between mother's and daughter's longevity, but an insignificant or weak association of longevity between father and daughter or mother and son. By using top 10th percentile of age at death of parents, we find exceptional longevity of a mother (a death age of 90 or older) has a certain positive effect on the longevity of a son. Yet the imputed results are not significant. Further exploration is thus needed. Even if having a mother in the top 10th percentile of longevity has some effect on a son's longevity, this would not lessen the same-sex link of longevity between the respondents and their parents.
Our results are neither consistent with most previous studies that usually emphasize relative importance of the maternal or paternal contribution to life spans of offspring regardless of children's sex (Abbott et al., 1974; Bell, 1918; Bocquet-Appel & Jakobi, 1990; Brand et al., 1992; Cohen, 1964; Crawford & Rogers, 1982; Kemkes-Grottenthaler, 2004; Korpelainen, 1999 Korpelainen, , 2000a Korpelainen, , 2000b Philippe, 1978) nor consistent with studies that emphasize only the children's sex (Cournil et al., 2000; Cournil & Kirkwood, 2001; Kemkes-Grottenthaler, 2003) . The difference might be due to age differences between the present study and other studies. The sex-specificity of longevity transmission in most studies refers to a parent sex-specific pathway to children, regardless of children's sex, or a child sex-specific reception of longevity from parents, regardless of parent's sex. One of the exceptions is the study by Westendorp and Kirkwood (2001) . In their study of British aristocracy, Westendorp and Kirkwood found that only the probability of longevity of men was dependent on longevity of their parents, especially the father, in the period of 700 to 1700, and the strong paternal effect on the longevity of the son was consistent with the predominantly patrilineal inheritance of wealth. Our study shows not only a strong fatherson association of longevity but also a strong mother-daughter association beyond oldest-old ages, indicating that familial transmission of longevity among the Chinese is not only sex linked but also same sex linked.
There is scattered evidence in literature supporting the same-sex transmission of longevity. For example, two studies report that son's longevity is positively associated with father's (Abbott, Abbey, Bolting, & Murphy, 1978; Harrell, Smith, & Mineau, 2008;  Table 2 ). However, both studies indicate that mother's longevity could benefit both son's and daughter's longevity. Several other recent studies further find that women's longevity could be shortened by having sons but could be lengthened by having daughters (e.g., Helle, Lummaa, & Jokela, 2002) . The underlying mechanism might be a combination of biological (i.e., the excess physiological costs of producing sons in relationship to having daughters) and social (i.e., the greater social costs of raising sons to adulthood) mechanisms. For social-culture origin, having sons could affect a woman's share of household resources more than daughters given that sons are considered as an asset and are more likely to have greater economic opportunities outside the family than daughters (Harrell et al., 2008; Van De Putte, Matthijs, & Vlietinck, 2004) . However, having daughters may assist in the house, lightening women's domestic and caregiving responsibilities (Harrell et al., 2008; Helle et al., 2002) .
It is widely believed that the family factor could be environmental, behavioral, or genetic in origin (Perls, Wilmoth, et al., 2002) . In their study on British aristocracy, Westendorp and Kirkwood (2001) have shown that other than genetic factors, behavioral and environmental factors might also produce a sex-linked association of longevity between offspring and parents. In the literature, sons are more likely to imitate their father's behavior and daughters to imitate their mother's behavior (Plomin, 1990) . In traditional Chinese society, paternal authority and patrilineal inheritance of wealth predominate, and sons may be more likely to share resources and wealth with their fathers whereas daughters find themselves in situations similar to their mothers.
Our finding of same-sex familial transmission of longevity beyond oldest-old ages has important implications. From a genetic perspective, statistical power for determining associations between longevity and genes or biomarkers may be enhanced with information about same-sex transmission of longevity that would allow researchers to stratify a same-sex parentaloffspring pair. Furthermore, the same-sex familial aggregation of longevity would be of particular interest for public health programs for prevention, intervention, and the promotion of healthy aging. Research shows that elders with long-lived parents are more likely to have better cognitive functioning and lower age-related prevalence rates of disease than elders without such parents (Atzmon, Richcon, Rabizadeh, & Barzilai, 2005; Gjonça & Zaninotto, 2008) and that elders without long-lived parents are more likely to develop fatal conditions such as cardiovascular disease and cancer (Barzilai & Shuldiner, 2001) . Therefore, as we emphasize regular medical check-ups to diagnose diseases and identify risk factors for all individuals (regardless of their parental longevity), our finding of a same-sex link of longevity offers a new marker for screening people who may be at high risk of developing a disease. In addition, such a marker may increase physicians' and clinicians' awareness of patient risk and aid in decisions about which treatment regimens should be applied to certain patients. In other words, our central findings may encourage novel strategies for preventing and treating major fatal diseases in the elderly population, which in turn, will have profound impacts on morbidity, mortality, and healthy aging.
Although our results suggests a same-sex association of longevity between parents and offspring among the oldest-old Chinese studied, the underlying mechanism of longevity transmission remains an open question. We are unable to determine whether the same-sex transmission of longevity is due to genetics, environmental factors, or both. It is also unclear whether our results are applicable to the younger Chinese population or other populations. We are, therefore, cautious about our conclusion, and welcome more related research to further validate this finding.
A few shortcomings are noteworthy. The best samples for the study of familial longevity transmission are extinct cohorts, for which data are rarely available. So far, in the CLHLS, more than 25% of respondents interviewed in 1998 were still alive at the time of follow-up survey in 2002. Although the number of interviewees in each birth cohort of the CLHLS is less than 300, the combination of several adjacent cohorts would be a feasible way to examine familial longevity transmission with the extinct cohort approach. The missing rate of parental ages at death is relatively large, which may introduce some biases into our estimation. Furthermore, given possible recall biases in retrospective survey data, our childhood indicators may suffer from certain biases, although we believe this is likely to be minor. In any case, we encourage further analyses using the best approaches and better quality data to verify our findings.
Notes
1. If the age exaggerations have similar patterns for different age groups, our results obtained from the current analyses could be still valid.
2. Given the incomplete data on siblings' age and unavailability of biological relationships between siblings (i.e., full sibling or half sibling), we did not include siblings' age in imputation.
3. The only big difference between imputed and unimputed data is the result for male respondents in the Logistic regression when we use the 10th percentile of age at death to define long-lived parents. But there was no obvious source of bias that might distort the patterns of association of longevity within families for whom all the necessary information was recorded.
4. There are fewer than 10 respondents whose parents were still alive. They are excluded from the present study.
328 Journal of Applied Gerontology 5. The cut point ages for the top 10th percentile of parental longevity among both unimputed and imputed data sets are the same: age 90 for mothers and age 83 for fathers. Literature has shown that the percentile range of 20 to 35 of the age distribution of death corresponded to the definitions of parental longevity has the strongest influences on the offspring's longevity and the association of longevity between parents and offspring appeared to be rather stable in this range (Cournil et al., 2000) . Our choice of the cut-off age at 70 or 80 falls in this range. However, the choice of the 10th percentile is restricted to parental exceptional longevity. 6. Given that only less than 1% of respondents had parents who both survived to the top 10th percentile of age at death, we did not examine survivorship ratios based on the top 10th percentile of parental longevity.
7. Unlike some designs in modeling the associations of genotype and longevity where distribution of genotype is fixed, the frequency of having long-lived parents for different age groups in a population is not fixed. This is because the cohort is not extinct, and their parents might still being alive at a given time. Therefore, we only focus on those deceased respondents in logistic model to ensure that the frequency of parental age at death for each specific age group is fixed at the time of analysis.
8. The best approach to study family longevity transmission is to use the entire birth cohort or several adjacent birth cohorts, as is done in some literature (e.g., Gavrilov & Gavrilova, 2001) . We assume life spans for parents of centenarians and octogenarians are similar. Although these two cohorts were born 20 years apart from 1888-1898 to 1908-1918, they experienced the same major historical events, including civil wars, an anti-Japanese war, regime shifts, famine, the Cultural Revolution, and economic reforms. There were some social disturbances (e.g., Boxer Rebellion) before the second cohort of people were born, but the turmoil was mainly regional or local. Fertility rates from 1880s to 1950 were stable (Lee & Wang, 1999, p. 85 ), suggesting that the population sizes of these two birth cohorts should be very close. Modern hospitals were appeared in 1930s in China, and mortality rates did not change much prior to the anti-Japanese war (Lee & Wang, 1999, pp. 54-55) . Therefore, these two cohorts likely had a similar epidemiological background.
9. In the study of associations of genotype with longevity, several other methods have been developed, such as the nonparametric relative risk model and parametric survival analysis (Toupance, Godelle, Gouyon, & Schächter, 1998; Yashin et al., 1999) . However, both the nonparametric relative risk model and parametric survival analysis are based on the method of combining the individual genetic data with population life table data (i.e., survival information), which is not appropriate for this study because both respondents' life span and ages at death of his or her parents are not fixed attributes in the early ages if the life table is employed.
10. Given that there is very little information relevant to parents' socioeconomic status in the 1998 wave of the Chinese Longitudinal Healthy Longevity Survey, these variables available in the 1998 wave are used to serve as a proxy of parents' socioeconomic status. Other information for parents is not available in the 1998 wave. Retrospective surveys often have recall bias issues such that the recall of the respondents may be problematic after a long period (Ahlborg, 1990; Herrmann, 1994 Herrmann, , 1995 . It might be more problematic when a very old person recalls his childhood. However, the recalled information in childhood in the Chinese Longitudinal Healthy Longevity Survey is information that a person is likely to remember. The survey asked whether the respondent received any education in childhood, whether the respondent went to bed hungry in childhood, and whether the respondent got adequate medication in childhood. Although we acknowledge the possible recall bias, we tend to believe that these childhood variables are reliable as long as the respondents have not lost memory at the time of survey.
11. The coding of all covariates used in this study is not presented in the text due to space limits but is available on request.
12. Yet the imputed data show a much weaker association between mother's longevity measured by the top 10th percentile of age at death and son's longevity, suggesting that the mother-son relation might not be valid.
